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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a highly efficient 
semiconductor laser with a buried hetero- structure, by 
separating enough its clad layers and current block 
layers from each other, and by forming its inversion 
layer not to corrode its active layer and clad layers. 

SOLUTION: Making a p-type InP clad layers 2, an 
InGaAsP active layer 3, an n-type InP clad layer 4, a 
non-doped InGaAs layer for preventing Zn from diffusing 
and a p-type InGaAs layer for diffusing Zn grow in 
succession on a p-type InP substrate 1, a striped 
Si0 2 film is formed to form using this film as a mask a 
mesa by etching. Subsequently, on both the sides of the 
mesa, p-type InP buried layers 5, n-type InP current 
block layers 6 and p-type InP current block layers 7 are 
made to grow in a buried way. After forming the current 
block layers, the striped SiO z film is removed. Then, 
removing the p-type InP current block layers 7 and the 
p-type clad layer 4 by selective etching, and removing 
only the p-type InGaAsP layer and the non-doped 
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InGaAsP layer without etching, a semiconductor las r 
with a buried hetero-structure is formed. 
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[8?&#®] PlInPSfiliK, pSlnPf7 
•;>KH2. 1 nGaAsPrittdS. nIInP?7 7 
KB 4*. M(CZnffi:l5(Wjhffly>K-7'I nGaA s 
R. ZnffilfcfflpMI nGaAsl*»MS3t, % 
fcx K^^tKS i O, Ml 0£7ft£U Ch^? 

MI nPafejA*)15. nIlnP®Sya,?i6, 
pS I n P®iS^o 9 !>mi *mtb)&frWL&2#h. m 
ti£7av>7®fcffi£, S i O, ^CKW?tt 

F14^x 7 ?>^f«:pll nGaAsPli^> 
K-7'I nGaAs PB0#£Bfc£b-ca#j£#^?-a 

u — if z&m S„ 
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5 ft fiSS 3 fc p §9if »iA#H £ n -luvmt 

friemiST'D 9 *ji©iwc£> or, etta^ D-<DMi& n 

S?*^ KJI©MiId©<^Ccm^&©ffiTLfc8ii££ 

wrsci^#sii-r^a*ii^raitji^(*u-- io 
if. 

B51BH*3gg©<KT L/ fcWmn . 4>fc < £ i> iiulB n M 

uy^mimmL-c^asic. ms&p §su b js*>6ps 
t«*w^o ^Jiwcttttsftriire^if©** 

IBnMi'^ 9 KBOPifllI©(4g«:m-?afa©(STLfcffi 
WtiHtf'p » »?x J:Q«HB« 30 

g<*a& ttria p sum & s c <t £ -r * 
[ 4 j p s&m»mL*jm o . 

KpM¥«<*S«±Cc. »«j£S©#«*Wfl!UT. p 
^7 r 7 V > :/a -fexcc J: 9 S p §2iUHJl±cc©<&x 

y<DmmK.m%imn&mz 7 * * £ l -c P w.m&& 
^mtnmwM-yoy^mtpmmM^uvfmt^m 40 
-xm^^mmbx^^a 9 tmzfci&b. mim? 

if&jA*^ r a u - if ©!?&#&„ 

[ 5 ] p mm#m®zmm b . 

»pa*»»SRJ:K. pi?779 KJi£r£t4»£n£ 50 
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«»Fli. >0 K- ?©a JM £ . p £8UM£(IR 
&p§gjgHJl±CtX h 7^ 7m>grS{*II£fl5f£U 

if omHKireiPtttflte 7^ 2 £ u r p 

#/I£nS®£7'a 9 *H£p§?®i£7'o 9 £H££ni 

o 9 mzfcis. b x 1 » space. Btte p sss»*» h p m 
*mwuiwar7a 9 m^n.mtxxm^^<Dm 

IBnSf^ 9 KB©Mffl!l©fiSK:m^|gS©fiTOfc^ 

&mi£7"a 7 i'lSJfJ^. StRi 9 9 > ycc J: 0 iuSBSS 
SM b>(IBpM^b h b ®ROV> K-7-©?I B H a ®*^ 

©S5i&#£. 

[ 6 ] p S¥ifttSfi*fllS 0 . 
Sp^*«ftS«±K. SiRfiXS©&8fc£fiJfflO-C. p 

©ziBliSi. pSfflSia^li^ffliSbryif^fiSiy. 
* ;i/ 7 r ^ -f> 7 - a * x cc J; o p SS H ^)i±cc ©^ x 

K^f if ©PU9JCC flriBi§mJi£ -7 x 4» i u r p safeii 

o f i'l^fiKo-c^spacc. ftriBpsitiBii^epM 
^««rt«*«i»^ci f *n*ccffi;i5!$nrBiriB^if©B!r 

Hnmfvy KJB©PHW©&S«:aTSEfg©fiTLfc^ 
KmffiT'ci 9 tmBtitik. MtRx f- > ycc J: 0 19IBS 

©«ii^s. 

C^©i¥W«c^] 
[0 00 1] 

[»93©«"TSa«»»] Tfeiifi^XrA© 
i«^^ifj:S*«»U-ifCcMt. #cca*ii^^ 
f n«J6*«W* u— !f ccm-t S. 

[0002] 

vmztv-j tmxmMcs-v-t. -e©^tf©Mfiii^s 

-«5WCCtt. 05CC^$nS<fc^^jg (« 

[0003]BP-o, pMInPS«l±CC. pllnP 
i77-^ KH2£ I nGaAsPrSft®3in^I nP? 

79 m4&®'Xmm2txxtj:z>syt. > if ©win* 

a«)iitfJ:^CCfi£S3#fcpMI nPa&ji*)15<!:n 
fi I n PSSg^a 9 f)16 t pi I n Pm^T-n 9 *H 

7i*e>f J :.2.m^D9i')ii. y-tf<t^7'P9^B 



[0004]i/c, mm 1 <D«i§(Da*iA^ra« 
ti*> 9 

[0005] mez^mzt. *r. pSinPis 

l±tc. p§SI nP^-; KJ12. InGaAsPrStt 
S3, nil nP^77 FH44JaccMOCVD^(Cj: 
*<D»> iCVD^i'WOSiO, R 
1 09©R«fl*&}gJiRU 7th'JV^77^ix 
9*>y*m*rH6 (a) K^StiSJi^ftxh^-f 

[0 00 6] ;jcfc. cox h7-f^K«cxy^>yg*i 
Sri?*>#U 06 (b) CC^ShSi^ftyifiJg 

sws. 

[0 00 7 ] HK. 06 (c) ^^-Tct^CC, ^-<Dg$ 

s i o, mi o*7x^iufflt^r 4 piinPi* 

ii#S5, nSInPaS^P^16, pilnPl 

[000 8 ] *(D». SiO, mi 0*1** U nSSI 
nP^-; KJi8Stf:3>** h Jf 9 *f&gT & (06 
(d) ) . 

[0009] &cc, c<DJ:^ccorf«3n/ca*iA^ 

[0 0 l o] H5k:^stiSJ:^ttfl|jfi{c*ji»r, pS 
n G a A s PiSttJI 3 <D$> Z>* *095>fCtt p n g^t 

m^i^mE^iinto o *sbwan * ^ if 

fc«>, «*ma^£8fcft&t>. C©fc«>S«tt I nG 

aAsPiSttH3«:*tt>l/r*n. #M6IW6£«:*5T 
[0 0 1 1] SE*«l©a»ii*^p 
nl I n P«*:/n 9 ^B6tt, -j£pS I nPS#jA 

[0 0 12] IWot, InP^7-;F14inSI 
nPa«^ay^a6*»faH-S^1fWM(DpSInP 
S«)ji*Jl 5 #+#&J¥3 £ K— 1"> ?$SBLim?2>'& 
&ifi$>Z& % ^ItdJffi^cDpM I n PStf>ii#JI5(DJ& 

[0013] asfc, pSK^ohiirfflt^h^z 

nt*. ^Ifi*^ (111) BBS, (211) B3B&4 
0. nSJK->OhK:flat,>6tiSS iPSit, Zni» 
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a*«cfflHffi^©ffi*)ii»*Wfflffi«cH:^rjS(r» (R. 
Bhat6, Journal of CrystalG 
rowth 107 (1991) p772 CCgig) 0 

[0014] btcw-ox. faitop, n-e-n-etio 

[0 0 1 5 ] C<D<fcV*y-*«ft#4§CS£. U— !f 

10 i»«c*jwsiW3»s**<a4. 

[0 0 16] C<D£5rj;ft^l<Dffl&*ZM9k?Z>tc 
&<Db<Dt Ur, &g§¥5 - 1 2 9 7 2 3^BB^Stl 

[0 0 1 7 ] fi£#012tt> H8(C^S4iri»SJ:^<c«t 
Ji*l/tl>5. IP%, pSInPSfiliK, InGa 
As Pr£tt/13*p§21 nP^7'>h*I2inIInP 
KJB4£rtt#, l^nl I nP^r; KB4© 
W«ffl«:pSKi£««l 1 ^Wt/cyti, yfrOPIW 
*«»iitoJ:9«CLrislEft8*fcpfflI nPftMWWB 
20 5<hn^[I nPliS^P^16ipSI n PIiS7D 

v *mo±fo£#Zm5J:'?l l c&mZtitcnMl nP* 
v v mstay^p Hi9A*6*rtS*iT:i»4. 
[0 0 1 8 ] *fc, 863fe«2©ad{)ji^f"0*jS*ii 

[00 1 9] H9*#JHTS4 % SfpSInPlfil 
±«C, pSInP^7»FI2, InGaAsPffittl 
3, nSI nP*5 v FJI4*«fcMOCVDi£*Ccfc9 
JEWS. ^<D&, »CVDffift£(cj:0 S i0 2 Hi 
30 O«<DR«*R*JB0SU 7* h VVIf?? 4-tXy 
^>^*ffl^rH9 (a) Kin 3 ft Si 5 ft* h^7* 

[0020] #cc, C0xh7^#;«ci5rf>ysh 

fc»«#K-C*aS i O, Rl 0*j§tRvx^£LTZ 
n*»IW*. ZnO^fcWS^OfrCfc^ 
^©T©fil*|oJ^*>^rt^/c^ ZntffitffcSftfc 
pSJSIEffl«il 112H9 (b) fc7n3ftS<fc5Cc&5. 
[002 i ] #k:s i o, mi o^x^irx-^ 
>^*ffl>. 09 (c) CC^3ftSJ:5tt^*J&£ 

40 u $£*^i mm&nm-fnv ?m*Bf&L 

(09 (d) ) , SiO, mi 0 4liim nil 
nP^7«; FH8&tf3>£* Uig*^** (09 
(e) ) . 

[002 2] COi^tCUrffKSti/ctt^ii^rP 
»JS*3S«=U-if«:*jC»rtt, nSInP^7-;F14 
inil nPI^o^!6«. ^rpSSIE««l 

l*/M/ri^C<!:(C%^ w 

[0 02 3] Ltcffi^X. fi£*W2©aa>ii*-xf-D* 
jS*3l*U-1ftt. nilnPl^D^lSMI 
50 nP^^^ KH4^y-^rs«SE*|»<'Ci3Wr* 
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[0024] 

C£. 

[0 02 5 J ®nl!I nPtvv KB 4 tD_htp*S0RO* 
I nGaAsPrStt@3-*>Zn*5ffiti-r*Ci. SO' 

[0026] ®8M5g«ffi*fflt>MaSftx if 

[ 0 0 2 7 ] C h6©RM££S£*fll 1 RUM 1 0 £# 

[0 02 8] (SJC-^^r 

Jd£Lfc<fc-5(cS£*0|2t;t. ^©t^ifftcfcHT. Sf 
Iftl ( S i O, IS 1 0 ) ©* K v A 7Z&l&btc& 

S. C©Zn£t£t!rf*XfIt;}:. WHW07h7-f^ 

[0 02 9] BP*i. S£3^2(DJ:^!&:Zn?rS£IS[-rSX 
H£fT*J5 ffi«©U-1f:/n-fc:;*K:«&t,>I 

itB<Ctl03:Z. 

[0030] ©ttour 

6£fc092 B. ^©SJ&fr&tcte^-C. absrisi^oznit 
««CJ:»). 09 (c) (CK3h£J:9&paft5IEffitft* 

Ji^fiSE^" sto-a****. niscc«0i otc^snr^s 

.fc^fC. nl I nPJ'?'; KB4©±"t» : &S|3Stl t I n G 
a A s Pr£1^3^&*£gg©Zn#ftt&rf&„ 
[003 1 ] *fc. ^§JfflK+#fcZn£ffi»LJ:5 
£-f fttt". _hi£©n§3 I nP>7'> K)S4©±**g|5S 
CM nGaAs PSttB3^©Zn©t£ffcfcMTCi*& 
i^BfctcS. 

[0 03 2] CCT, nSInP?7'yh-f4©±** 

fiD£J3< CtiCtjiK). ttc. I n G a A s P rSttB 3 ^ 
©Z n<D&mtm;%}m<Dl&TZi3< CtlOZZ. 
[0033] HK. ft*{B|2Cttt. nSI nP>7» K 
@4©±ifi*a5Siy; [ nGaAs Pr£ttB3^©Zn© 

[0 0 3 4] ®«C-3C>-C 

[003 5] COfiftx^^i'l/^T'n'bXitt, 
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ffi:/a? *B£iI«>ii#lSgU M(C. §SS#®£|££ 
0 r ^ ^igiSRO'mffi 7-a -y * /f ±g|55r£ 5 <fc 5 ft d» 7 
? KBStfriV** hfffc/jSg-r *&©?*■*> ( 1 0 t 
h IOOC FB2 -3 1 9 95. Y. Sakat 
a, etc. ) „ 

[003 63 CCT, '<£*m2<Dm&JMtt. ±&Lfc 
<fc5K:. x 2 ,?>y(c e t2,^^fi£©l5«cZnffitJ!?r-r 

[00 3 7] L/cA^r. fi£*WJ2©SSj&^ffi(i. f£tt 

[ 0 0 3 8 ] $ fc. Wittt^ -yjBttOSWsHc Z n fclfc* 
f?5£. ?SttJltc*tl/rfcZn*sSaccffifS[L/-CL$^ 

[0039] *34W©SW» > «±©WII4))?Si-r^ 
<. nii'?? KB<bn5mifc:7'n';>*B£#4-#CC?} 

20 ^-rscitc^s. 

[0 04 0] *fc. *»HOfl!l©BW«. »*©U — !f 
[004 1] 

[ 0 0 4 2 ] BP^. ##6?l3(t p§>¥£<*g&± 
KJB«S*ifc. fStti*pIi'7'>KIinSi'7';K 
30 BiX'R^c^T'^'rn^j&A^^Sp'-^i, mB* 
WmmZMlbiMl <fc 'j iCfS&Z If ft P Sf£#ii<&B i 

j*V-<Dmi&nmi>y -j K@©PWl©t4gicm^S©® 

a*«#u— !f*^e>*is. 
[o o 4 3 ] bk. *»«Kj:ti«. irieafe^^T- 

o«Wt*B*U— tfccfe^r. B?IBmTffig©{gTO/c 
40 ^©F*9. ^i>!i< i4>BuianM?77 KB«Cgfeifil,>SB 
^K:, p^SSM^feoci^^i^sa^iA^^ 

[0044] */c. *^Wfc4:n«. pS$i»lfi5: 
JfttU Sp1?*«(*S«±«:, P^f7^FB4ft14 
IinS^77 KBi. pIISI^MH,. gp 
mHB±&tX h7-f7-«©iim)S5:JfJfiXL. ISil^ 

^ j< ^©PSffljK jiria^ma?: ^x^iirp saaiA 

^Bin^SffiT'a 7 i'BipIimifc^a » ^B£?rt@ 
50 ^a«Wi*fi8ftl/-CB»^o»i»B*JBiS0. emiST' 



miimn&mikvmt p mumm mz? * c 
t zftmt?z>mtb&fr^Tnm&¥m# u -if <dm& 

[oo45]i/c, *^(c<fcn^ t>m¥m&mfc* 
tbxv mmtb&frm t n ?u 9 >? m t p mm&L 

7o 9 ^Jfi*J8^a«)ii*fiSgUrSSS^a 9 *Jf £ 

SSSH^6 p S^Ktt^ttStt^n 9 *B*fc«»S 
ftTtif8B>1*DfWEnS*5 9 K»©H«l<Dffi{i(C*^- 

a, atf?x9^>ycc<fct)BJiBgss(*JSsa f BJiapSS 
[ 0 0 4 6 ] paE^mact 

J8*U §*P§2¥zg{*K&J:fc:, pffl*5* FBiigtt 
iinS^^^Kli, ^>K-^©fiaH4. p^g 

an (M^caw 0, k p safijiicc *yv4 wivm 

^ <h LTp^fc|#)iA<frJii£ nSliS^P 9 tmt p 

tt«*^O9^)l*}gj05L , rc>Siaitc, 
WIBpSfiSJB^6 pffl^JK»*iB«a^n 9 £H*tc 
J£tS£SnrS9SB^1f<Dl5f3nS^5 9 KB©KfJor>&» 

m&im. aRi9^>yccj:otW2»«tMi. bhbp 

4 f StoMi*^*- n«jg*«tt U-lf ©SSJS^ffi^fS 

[0 04 7 ] Etc. *^WCCin«, p§?¥«f*g«£ 
JBSU «pS4^«*«E±«:. «iRj£g<D#&£fiJffl 
l/T, pffl*5 9 KJB£r£tt»£nSS*5 9 KIB£, -/ 
>K-^©aUIJ14. pUUUreMftttlt/Cj'ir* 
jftSU •fe^^r^^>7'a-fextci:0g[pSgHl@± 

9 2»£ pSS«fl6:/n 9 *B±£IH:KaiM&#$ 

s(/r«a^P9»ji«»js(/ v ttmmfu y9m&& 
ffii/ retrace. t3Gps&%H^6pS?M^tts 
flfc:/n 9 ^H*ecitik3tiririB^*©iJiBnS^7 9 
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ttm?0 9»»MKtt. atRx9^>y(c«totu 

iBISSttR 8?IBpSg H 3 a@RC/>'>K-^(Dig H 3 Bl?: 
®£T S c £ <t *T * it# jA<*^ r a fl|jgft&»# u 

-ifcDig3§^7w#e>n^ 0 

[0048] 

[004 9] (Hi ©HJSCD^Sg) £lT *&W©SB 1 
©^j56<D^Sg<bL/r, InPlfii^lnGaAsPS 

[0 05 0] *^<DH 1 a)3gtt<D«IBW)*«Wi*^f- 

[0 0 5 1 ]fiP*>, P§21 nPg&l±K k pllnP 
*5 9 KB 2 £ I nGaAsPrS14J13<l:n^I nP* 
5 9 KB4#IB#SB£ftT&£^1f£, -£<Dyif<7)p 
mS*&&&t*£5KiSL&$l*tci>Ml nPittf>jA#!I 
5inMI nP««^0 9 *B6£pSI n Piil^D 
20 9^Ji7i3^64S«*^n9^J14 % ^IfiSift^P 
9^llO±CC^**«^J:^«:jgJsS3ti/cnSI nP^ 

[0 0 5 2] HCC, «St^n9^»rt»'r*oT, ^if 
<DnSI aP»?9 KB4£««£:/U9*B4>n3!I n 
PWlWn 9 *Jf 6 4ta«CpaJSIE«« 1 

[0 0 5 3 ]fi£o"C, ni I n PSSS^a 9 ^®6#>6> 
nSI nP^7? Kil4^i*ti5';-^«*tt3tc< % Bf 

30 [0054] pSJSIE««1 1«, nSInP^ 

5 9 FH4&V I nGaAsPStt@3^*tLrfe^H 

[0 0 5 5] 36k:, «±ttWLr#/cpSJSKffl«l 
IB, niInPliS^P-^I6(DIinII nP^ 
5 9 KJB4fcifit>SP»CC*JtiT. i^(DffiTl/cfc 

[005 6 ] (JB2 OiafrDJKtg) *«W©*2 CD^Jfe 

40 cwbjbb, »ici^i*(D»fflKcr^ufc<»a*wrsa 
[0057] erne. a2sa f a3^ffl^r, 

H2 ((Mt^ftRaKKHti, 
[0058]*r, pSInPSSl±tC, pSInP 
«?Fi2, I nGaAsPSS13. nilnP^ 
7 9FI4tl»tf«U MtC, Znt£»(Dte»©fia 
n<bbrp§SI nGa Asil 2 4ttfi-TS. 

Xh5^tt©S i o 2 Biio*«flE-rs (02 
50 ( a ) ) . 
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[0 05 9] m>T. Z<DS iO, IlO^vX^il 
TX**>y*fTt\ m2 (b) K^<*ftS<fc5ft.*1f- 

[0 06 0] -£<D&. SiO, BlO^x^iU, 
-rftf©Wfflfc, pSI nPa»ii*»5, nSInPl 
ifr/p7*J16* pSI nP*ft7n?*»7**dMi 
#lSSfi3«. 02 (c) (cSShii^t tt^o? 

[0061] mm?n v 9<mmk. s \o l m i o * 

»SU I n PGcStb"C I nGa A s P*x v 10 

y uwo j: 5 tcatRx ^ * t > h t«^r* 7 * 
>y-f£Citcj:9a2 (d) fc:^3ttS<fc5K:, pi 
I nP««:7ciy *H7Rtfpg*5? Fi4tx^ 
>^-f SC£&< InGaAsPll 2<D#£Efc£-f S 

[0062] pilnGaAsPll 2<D»*», pS 
I n Pni&JV vtmi&VpM*?? FH4£H5 J: 
5(c. nBInP^7Fi8tj»U *©f*. nffl 
I nP^r? KB8±(C3>dr^ hH9£l£6TS (0 
2(e)). 20 
[0 063] CCC, pSInGaAs0F-f>^S 
Kit. pSI nPtctt^««c*<r*s. 
[0 06 4] *fc> pSI nGaAsJBl 2'MDF-fc' 

fii&SpMI nPS&i£#B5&tfp§!I nPSi^ 
Pv^H7tCib^ p3SF-^>Fr*SZn<DBMii 

[0 065]ffiot 4 piInGaAsI120F-t' 

>yafft*pai np*a>ii*ji5acfpai np** 

:/P y £Jf 7Kit^T+#»i< S3(C^T 30 

«fc5fc, S8fc?a? ^B©a«)ii*]SESffiSFCCpMF-^ 
>Ft*SZn^pSI nGaAsJBl 2j&>6, 
ifiOpSI nPaifeiiAJiSSacpSI nPtt^Oji 
*JB7<DF-tf>y«tt:MK<fti), ^/c k nllnP 

SOB p S'MOStEtfg* So 
[0 0 6 6 ] COtSS, nllnP^^ KJB4£nffl 
I nP«»^n^^ll6t©»«#lBjt3*i, WJf£;fr 

-r s - 2mfa*m'P?z> c t eca*. 
[0067 ] «±»wor *fc«t 5cc, *HSS©ffJS§«: 40 
fcOT, ZnJ£»©fcft©painGaAsH12tt, 
p^InPSSl±tC, pfiInP^7?F12, In 
GaAsPrSttH3. nfil nP^77 Fi44flEfif 
S/£fiBSCt|ipStCi&gr#S/£^ a*ftiSS^py^ 

A<D£M©*r 4 c t #r * s . 

[0068] *fc, ZnOtRB. t»^P7>l«fi 
B#tcg»WK&;*ftS. 

[0069]Ete, pSSI nGa A sll 2tt, SiO 
. Ml 0<DI&3tf)Rgcc, a^x^t>h*ffl^c 
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£ ( I nGaA s Pifcu-tf) , SiO, II 0(D&fc£ 
B$(CH, SO, *x^^ + >hr*B*Qffl«:!f^Ct^ 
£O<0r**#, C(Dx^t>HJpIInGaAs 
JB1 2(C»*5^x?* + >Frfe*Sfc«> k Slffi® 
3<t|5lB$K:p§2I nGaAsIl 2<D»4«:!f 5 C 

r*s. 

[0070]^, **te©»»«:45Cir«, &¥>sftjf 

r©Ig**3W*xy^>yu^>rp-fex{cj:0tfo 
r % *©»tt. JjaufcJB2©«t©J[53BiBia«:ffo 
TfcAo. 

pSI nPS«l±(C, pSInP^77F12, In 
GaAsPr£ttl3, nIInP^7-;FI4, Znt 
Kcr>/c«XDSaHiLrCDpSI nGaAsll 2*6 

[0 07 2] ■fejU7T^-f>^nH2XtcJ:f5^lf 

±mc<D^mmwm ( s i o 2 no) z&mz i® 

2(b)). 

[0 0 7 3] SiO, SI O^vx^ilt, 

^©WflBfc. pSI nP«tf>ii#JB5. nMInPI 
jl^D^ie, pi I nPSiS^D 9^*7*a»ii 
*ttft3tt-C 02 (c) CC^Sti4<fc5&, Wfr/P 

[0074] mm?u v 2<mmt. sio, no* 

&*TS. I n P &t>tf Itl nGaAsPii 

7 * > jf 1/ Wo J: 5 ftBftx 9 * * > h *jbotx 9 
*>yi-SCiiCj:»h painP8«^D-^17S 
Vx>%tfvv F»4*X3r^>y-rsci:tc< I nGa 
As PHI 2©#*l5fc*-f SC<fc#r*S (02 
(d) ) . 

[0075] pSInGaAsPIl 2©K*», 
I nPttfr?ciy»ll7&tfpS*7 7 FJB4*B3«fc 
nlInP^7 7F18^gl, *<Mfc, nSS 
1 nP^r; F@8±CCn>^^ hH9*^g-rS (h 
2(e)). 

[0 0 7 6] C<Oj:5K. *|SB»fl!»gJ8«Cj:ih«, ft* 
0U2 JcbOTMHi ^ tifc J: 5 tt4M&XS*!&H£ 
■fCC, pSInPJ5srFi4ipIInPt«^07 

m 6 <b i/fc«awi*^^ pflta^aw* u -if* 
Ra-rst<t#r#s- 

t0077]$/c *HSS©JBSICDS8{>ii^^^P«iS 

■fexKiwur t^twi-sc t*r*4. 

[0 07 8] (S3 (D|lte©?f5S) m 3 ®mm<DBf& 

So 

[0 07 9] &CFtC s H4*fflOT. itfzwomscDm 
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[0080]£-f. pSInPS«l±tC. pflnP 
2vy¥M2* I n Ga A s Pr£1£JI3. nMlnP* 
vv KH4«Kfc«fiU E«c. Zn«*«±<Dfc«>CE> 
£itJl£ L T(D y> K-7"(DI nGaAsll 3&C/Z 
nS!:li(D/ci?)<DS B ^fi<bUr<DpSl nGaAsll 2 
*fltSTS. Xh^^ifcDS i O, Si 0£ 

»Wft (H4) . 

[0 0 8 1 ] -tOftO^D-fe^tt. ^>F-7'(DInG 
aAsBl 3#«ft-r44l^jStBHr»r, !&2<D3ii& 10 

[0 08 2] fib. 02 (b) &tf02 (c) fcfeo 
T\ nSf I nP«7 KH40>±(Cp&I nGaAsl 

1 2#Rt:f6*vtt»*tf 1 ^ute^iSfrcfc^rtt, n 

SlnP^77h*14«!:pIInGaAsll2M 
CC, ECC>>K-^<DI nGaAsBl 3*JR»e>tir 

[0 08 3 ] spfe. io, mi 20 

tbXXvfyf/ttnijiyZJ&mtZ (02 
(b) ) . 

[0 08 4] S i O, Ml OivX^ilt, 

^(DMflJK:, pSI nPStf>jA#jf5. nilnPi 
ft^o^I6, pSI nPtBE^av^B7*a«>ii 
*flMS*r. H2 (c) fc5*S*i4J:5tt, Hife^P 

[0 0 8 5 ] mSS^n ? 2<DBf&m. SiO, 8 1 0 £ 
l**U *<Dtft, I n PCtJtOT InGaAs Pti? 
^>yi/*>TC»J:5&a»?X9f-f>h*flat»SCi«: 30 
«fc9> pS I n PWo ^17MpI^7 7 Fl 
44x^>mci&<pSI nGaAsPUl 2 
SOV>F-^CDI nGaAs Pill 3<D**I»4TS 
C£#T>*£ (02 (d) ) o 

[0086] pSInGaAsPll 2SOV>F-7* 
0InGaAsP113Oim pIInPiiS^D 
**B7&0*pgS£7y KB4*S5<i:5ec, nSIn 
P^7? FB8&J&6U -£<D&. nIInP^7-;F 
JI8±K:3>£^hJi9£E£6T£ (02 (e) ) . 

[0087]CCT.*3 ©Safc©»«C«Wfc^n ? 40 
^JB©*«)ii*JS*l^{CpS!I nGaAs HI 2^6M 
ffi:/n y *B^Zn#ffi»U «!2(D«k(D«jBI&a« 

[0 08 8] EK, m30HSfi(DJBSIr« % y>K-^ 
CD I nGaAs ill 3*r©Z n©fi£tid8S&W£ I nP 
Ji*ecJt^r*««:fiC»ft:«)(CpSI nGaAsll 2 
WnSI nP^77 KH4^©Zn©ttft*l»<Ci 

[0 08 9] «±MWLrttect^«:. msvmmwi 

«(C*jt>r«. y > F— I nGaAsll 3(D<£ 3 50 
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*o/cnSlnP^-; FB4RCH nGaAs PrStt 
B3^<DZn<Dffilfc£f%<*C±#rt£ 9 
[0090] $/c. «6»cWB!8tco^rb. J&2<DH 

-racial*, 

[009 1 ]W^ S-T. i§!Rj£g^^£fiJfflOT. 
p§9 1 nPgfil±Ct. pSInP^77F12 t In 
GaAsPft14@3. nfil nP^7? Znfc 
mJj±<Dtc$><Dm&mtLX<Ds>\:-y r <D I nGaA 
sll 3RO*Znffi;ti(D/c:*CDig B ^ji<i:0r<Dp^I n 
GaAsll 2*6ttS^-WBtt*«fitr*. 
[0092 ] ^tC, *)lyTy MC£t)JV 
±gIttt<D#^m{*S (S i O, S10) ZB&tZ (0 
2 (b) ) o 

[0 09 3] SiO, MlO^vXi'iLt, 

sy-ommtC, pSSI nPil#>iA*B5. nSInPl 
«^P^i6 % pffll nP*«yD**J17*S*M4 
*JSfiStfr. 02 (c) fc^StiSiSfc, «fr/p 

[0094] «»^D 9 *©«*HI, SiO, 110^ 
Nt£U I nPfc»LTInGaAsP*X7 

>y-r-6C<b^cj:0. p§2I nP«fc:/a?£B7Ri>' 
pS^77 FH4«x?^>yr5C^ft< pilnG 
aAsPll 2&t>V>K-:/<D I nGaAsB13CD 
*4l»4T*Ci*Jr*S (02 (d) ) . 
[0 0 95 ] pSII nGaAs PB1 2&tfy> F-7' 
OInGaAsil3©im pSS I n PSift:7ci ? 
^■7S»pS^7 9FB4*a5J:5«:, nllnP 
^7 7F18^gl, nSInP^7 7Fl 

8±K=i>*2 H9^fitS (82(e)). 
[0 0 9 6] fi§J % ±ai/r*fc*17bM*3©H*©» 
ttfcfct>Ttt. pSSI nP»fi±<DI nGaAsPS* 
Wco^r, BMBur*fc#. *©<*»»©* 

[0 09 7] *fc % *2SC«l3<0||«l©^««C*jC>r 

t&HJf £LT I nGaAs*ffld>/cffl|CCOCir7nLfc 
# % m A KSI 2 SO'IH 3 ® £ffi0£jB<0«£, I n G a 

-5. 

[0 09 8] 

tf. nS^77 FR£nSM7ci7?J|£ftSpfiK1E 
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[0 09 9] S/c. *^«c<i:ntf. ii^;© u— «f^n 

[ 0 1 0 0 ] MfC. #2B8CC itttf > ¥ii<*x v * 
[HfB4>n*&K93] 

in xmxom i ©^©^©sa^^f-ais 

[03] *l%W©^2©||Jg©^©*«)ii^^D<i 

fim©pSSaJS©fPffl*^-reEB5»riBHT*4. 
[04] *l%W©^3©HS6©^fi|©ajt)jA^7-a^ 

B§»r®0 

[05] Sf^lWfilAiA^T-a^ig^ftU— <f© 
?§ffiitfa©#&£^TW8»r®0-e£>.5. 
[06] Se^lcafeiA^ra^ii^^u— »f©* 



(8) #Kj¥9- 1 99 78 8 

14 

(07 ] 1 ©it&ii^r ol«jg*#(*U— !f© 

fms£^?g*Bs»rS0-c**. 

[08] fie3fe^2©afeji^T-n«^3l(*u— ifor) 
rStt®ftifi©»js«:^-ri{TOffl0r*s. 
[09] ffi*^2©a»jA^f-n«^SI«:u-tf© 

[010] ©S*i£<&^ P U- If 

®w»#[**-r«wsfiiia-c* 
io inmotffl] 



1 


pa I nPlfi 


2 


pSM nP^7-; FJ1 


3 


InGaAs Pfgffil 


4 


nIInP^77FI 


5 




6 




7 


P^ I nP«ift:/o?*JB 


8 


nil nP^7>; FJB 


9 


:n>** hi 


20 1 0 


SiO, I 


1 1 


pasiEU 


1 2 


pa I nGaAsi 


1 3 


y> F-:/©I nGaAsi 


1 4 





[01] 



[03] 




Zn«K 



[04] 




////// yvyy /?^7T^:g 



-4 
-2 



[010] 




(9) 
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(10) 
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[09] 




